This is a short descriptive paper.
INTRODUCTION
Despite the fact that the water temperature in the Caspian Sea may rise up to +30°C in summer time the Northern Caspian Sea is also exposed to ice from about early December to late March (with ice thickness of up to 2 m). Ice can cause severe loads on structures (such as the platform at the Kashagan East exploration well, rig 257 ( Fig. 1) .
Icing events and its loads on structures have been studied by a number of authors, of which we mention Farzaneh M, Savadjiev K, Druez J [2] , Azarnejad A, Hrudey TM [3] , Blanchet D [4] , Brown TG, Jordaan IJ, Croasdale KR [5] , Krasnozhon GF, Lyubomirova KS (1990) [6] , and Krasnozhon GF, Lyubomirova KS (1988) [7] . In the Caspian Sea several offshore islands have constructed for the exploration of oil and gas. Within the life cycle of such an island a number of phases can be distinguished, viz. the initiation, feasibility, design, construction, operational, reuse and/or removal phase. Depending on the frequency of occurrence, ice may become a dominating factor in each of these phases. Assuming structures can be designed and constructed to resist the ice and other loads, without cost prohibitive consequences, the question to be answered is whether or not ice occurrence presents insurmountable problems for the operations.
During the longest period in an oil exploration island's existence one of the main operations to be considered is of logistic nature. Labour will be on rotation, supplies have to be delivered and the explored products have to be transported off the island. For oil and gas export no interruption will be accepted, thus pipelines will be used throughout the year. Summer conditions in the Caspian Sea allow marine transport of the labour as well as for supplies, irrespective of the size of the cargo. With the offshore island surrounded by ice in the winter labour and (small) supplies will be transported through the air, assuming that breaking the ice for a ship is more expensive. However, marine transport to and from the island is the only option for heavy or large quantities of spare parts required for the exploration process. Obviously an effort will be made to reduce the required number of marine voyages in winter, if not avoided completely.
Whether or not ice occurrence has a jeopardizing impact on the operations of the offshore island has to be decided in the feasibility phase of a project, usually based on rough information regarding climatic conditions and a first conceptual design at best.
After a go-ahead in the feasibility phase the main requirements on the structure will be defined in the design phase. More accurate and comprehensive information will be pursued, which will take more money than in the previous phase. Within the design ultimate limit states and serviceability limit states will be considered. The first group of limit states generally determining the main dimensions of the required structure whilst the latter not seldom is governing the dimensions of smaller components and represents and coincides with the operations and conditions discussed in the hereinabove.
From a structural design point of view the main questions to be answered are related to the lifetime of the structure and the accepted risk level during it's lifetime. The accepted risk level is generally translated in frequencies allowed to be exceeded or not, depending on consideration of either solicitation or resistance variables. In public projects in the densely populated Netherlands, e.g. flood barriers, the lifetime of the structure is set at 100 years and the design water level has a frequency of exceedance of 10 -4 . To arrive at these values, economic and social aspects have been evaluated. Private investors are usually in the position to concentrate on financial arguments only when determining lifetime and accepted risk.
Without information there would not be project. The lower the cost of information the more it would be used. As usual there will be an optimum in between. Let us focus on the value of information on ice. Costs of a survey will be weighed against the availability of existing and the (extra) accuracy of information to be obtained, and the resulting design of the structure. Rough information will result in more conservative design and more expensive structures. Detailed information offers the possibility of cost saving on structures but may also endanger the timeline, i.e. progress will not always allow for more information gathering.
For an oil exploration island in the Caspian Sea the designer should consider the costs of a structure with and without ice loads, should consider measures, other than structural, to prevent or reduce the ice load, and all this against a background of probabilities or frequencies of the events.
Studies of ice in the Caspian Sea began in 1922 when systematic observations from coastal and island hydrometeorological stations were organised. Regular observations of the ice using aircraft began in 1930. The main problem was to obtain information about ice conditions in individual areas of the sea [8] . It became possible to obtain a general pattern of the distribution and the drift of ice in the sea, initially with the establishment of ice radio watches (1953) and later (1957) from long-term automatic radio-meteorological stations (LARMS) [9] .
The application of space research methods provided new possibilities for studying the state and the dynamics of sea ice cover [10] . In 1980 [11] images of the ice cover of the Northern Caspian Sea obtained in the period January-April by the Meteor 2 satellite were processed and used as the basis for ice charts. In order to interpret and decode these properly, synchronous and quasi-synchronous aerial surveys were carried out. Study of the ice charts obtained from Meteor satellite images and enhanced aerial survey data gives a detailed picture of the dynamics of ice condition in the vast waters of the Northern Caspian Sea. Meteor satellite data may be used to inform national economic organisations about all changes in the position of the edges of the ice, the boundaries of shore ice and close-pack ice, open water, etc, in the intervals between aerial surveys (except on cloudy days).
At the start of the 1980s, new data emerged from Meteor 30 type satellites with the aim to show the broad possible uses of these surveys, as applied to the study of the ice regime of internal tracts of water and the cartography of the dynamics of ice cover, in comparison with other existing methods. The main advantage of the information acquired using satellite television surveys is their efficiency and coverage. For a cloud-free sky it is possible to obtain a clear picture of the distribution, state and dynamics of ice cover over vast areas of water, simultaneously. For middle latitudes, in particular for the Northern Caspian Sea region, where the lighting is good in the Winter period, the acquisition of sufficiently regular information is mainly limited by the presence of cloud cover. By analysing the existing 10 years (1975 to 1984) information, obtained from television surveys, from 15-20 appropriate images with good visibility, we were able to select 10-15 images, taken in cloud free weather. In the Winter time over the Caspian Sea, there is usually 'overhanging' stratified low-level cloud cover, stretching in the form of a chain to the South-East in the direction of the wind. This complicates the acquisition of high-grade images. Sometimes clouds of convective origin occur over the non-freezing part of the sea. Satellite data enables us to introduce missing information to aerial survey data and on the other hand it allows us to plan the optimal course of aerial survey tacks. Thus, satellite information increases the effectiveness of aerial surveys and, in a number of cases, enables us to abandon them.
At the Institute of Water Problems of the Russian Academy of Sciences (RAS), work has been carried out to compare ice conditions in the Northern Caspian Sea based on data from the MSU-S of the Meteor satellite with data from aerovisual observations from aircraft provided by the Astrakhan' regional hydrometeorological observatory. For reference, we selected images taken in clear weather, since even high-level clouds make it impossible to distinguish ice cover details on satellite images. For the analysis, we also selected, where possible, photographic images on which the Caspian Sea was located near to the centre of the frame, so as to decrease the errors and more accurately determine the edges of various forms of ice. Image interpretation was carried out using magnified images in an MSP 4 multiband synthesising projector. This projector enabled us to synthesise colour images (in false colours) using four black and white image negatives. The image processing involved the use of transparencies superimposed on the projector screen. The MSP 4 was used to select the composition of the colours in the synthetic image so as to increase the effectiveness of visual interpretation. The synthetic colours of the image were recorded for selected combinations of spectral zones and the images were sketched and photographed.
The space survey data was compared with data from aerial surveys at the closest date. Reductions of scale and transformations of the images and plans from aerial survey were achieved by outlining the edges of the sea and choosing clearly visible reference points. Figures 2 and 3 show examples of the composition of maps/plans of the ice conditions in the Northern Caspian Sea, based on satellite data for 3 February 1984 and aerial survey plans of the ice cover for 30 January 1984. As comparison of these diagrams shows, the data from both types of observation are close and the configuration of the coastlines and the reference areas is similar.
According to ice aerial surveys of the Astrakhan' observatory on 30 January 1984, the boundary of the shore ice ran through coordinates 42°25' N, 47.30' E; 51°25' E; and 46°00 N; 51°50' E. West of the 49° meridian the shore ice consisted of young ice and ice rind. East of 49° it consisted of grey ice. The ice had a compactness of 1 point and hummocking of 0-2 points. The floating ice was in the form of fields and fragments of fields of young ice and ice rind around the edge of the fine blocks of ground ice. Throughout, fields and fragments of fields of grey ice were observed, with 7-10 point compactness and 1-2 point hummocking. To the South East of the Gur'ev channel, many sets of grounded ice hummocks were found in banks. Ranges of hummocks met on the boundaries of the shore and floating ice. In the curves in the arm of the Bakhtermir freeze-up with its airholes, were ice bridges. Ice-packing was beginning in the Volga-Caspian canal.
Based on television surveys from Meteor-30 and 31 type satellites, it was easy to trace and map puddles, fissures, and airholes. The photographic tones of the image were used to identify shore ice, floating ice of varying compactness in the form of fields and fragments of fields, ice pulp, hummocks, grounded ice hummocks, etc.
Figures 4 and 5 present fragments of space images in ranges of 0.5-0.7 micron (fig. 4) and 0.7-1.1 micron (fig. 5) . The results of their processing are shown on the fig. 3 .
Analysis of satellite data showed that, depending on the intensity, the density and the colour of image objects, it was possible to distinguish the following five forms of ice:
1. Non-mobile ice (shore ice), shown as a monotone uniform, structureless light shade, clearly visible in all spectral zones. In figure 3 , the shore ice (2) occupies the area adjacent to the coast between the deltas of the R.Volga and the R.Ural and the region to the East of the delta of the R.Ural (shown on the plan by the number 2). 5. Hummocks and grounded ice hummocks (5), shown on the image as dazzling white fine patches are particularly clearly seen in the 0.7-1.1 microns band. Their zones of distribution are confined to the North along delta of the R.Volga to the boundary between the shore ice and the main ice block. Another series of hummocks runs between the deltas of the R.Volga and the R.Ural, parallel to the coastline near the Eastern edge of the delta of the R.Volga. A third series of hummocks stretches along the Northern and Eastern boundary of the Ural channel. In the aerial survey plan, hummocks and grounded ice hummocks are not mentioned in this region, since the aircraft did not fly there.
In 1990-s measurements (passive) using microwave radiometers: SMMR (Scanning Multichannel Microwave Radiometer) on satellites such as Nimbus-7 and 55M/I (Special Sensor Microwave/Imager) on satellites such as DMSP (Defense Meteorological Satellite Program) were widely used for the estimation of ice covered areas in Arctic regions.
Advantage of these devices consists in an opportunity to carry out surveys at any time under any weather conditions irrespective of solar illumination. The analysis of data from these surveys [12] for the period 1978-1999 has allowed to establish:
1. Reduction of ice covered area in Arctic regions (the area of sea ice of Northern Hemisphere) with an average speed 29300 km 2 /year. 2. Prevailing reduction of the areas of permanent ice cover.
These facts are of interest to the investigation of effect of climate changes on the reduction of thickness and area of sea ice cover. Unfortunately, use of these data is limited by small resolution of measurement of brightness temperatures in the area of 25 × 25 km.
Using of data obtained by altimeters and radiometers on satellites such as TOPEX/Poseidon in some way can help studying of ice regime of the Northern Caspian Sea. Kouraev et al. [13] presents the first experience of using of this auxiliary data along the passage of satellites.
During last years arsenal of researchers was amplified by new equipment with higher resolution (radar-tracking, laser, infra-red, microwave etc.). The experience of research and mapping of the sea ice cover reveals the advantages of using images obtained by multispectral scanning surveys from operative "RESURS" type satellites with spatial resolution of 30-160 m and width of vision zone within 100-500 km.
Recent data of natural surveys of ice fields have allowed to receive some characteristics of stamukhas (special beach ice compositions), and also physico-mechanical characteristics of fresh-water ice of western half of Northern Caspian Sea [14, 15] . It was found out, that in rather soft winters (2001) 
CONCLUSIONS
From the previous observations we may draw the following brief conclusions:
1. Cartography of the edges of ice using satellite television surveys of the Meteor-30 type provides more accurate results than aerial surveys, since in the latter case accurate survey is impossible, which seems particularly unfavourable for complicated configurations of different ice forms.
2. Interpretation of ice cover from aerospace data enables to carry out zoning of ice cover in vast territories and to identify up to five different forms of ice cover.
3. The water-ice and ice-dry land (without snow) boundaries are easiest to trace in the 0.7-1.1 microns band.
4. Television surveys from Meteor-30 type satellites enable us to obtain pictures of the dynamics, the location and the state of ice over the previous period, since ice, having a known drift, is an indicator of previous meteorological conditions (wind, snowfall, etc) and of the hydrothermodynamic effect of water masses (currents) on the ice. This is not detected in aerial surveys.
5. Until now, regrettably, full advantage has not been taken of the possibility of studying the ice regime of the Caspian Sea (and other seas) using satellite television surveys.
6. Results such as presented in this paper are useful and necessary for reliability-based optimal structural design in arctic areas. Design of harbour basins, offshore structures, beach nourishment programmes, and so on, need accurate descriptions of the ice event occurrences.
